Objective: To describe trends in cause specific stillbirth and neonatal mortality. Design: Retrospective cohort study. Setting and participants: 686 860 births in 1982-2000, to mothers resident in the Northern Region of England. Main outcome measures: Cause specific stillbirth and neonatal mortality; rate ratios (RR) and 95% confidence intervals (CI) in 1991(CI) in -2000(CI) in compared with 1982(CI) in -1990. Results: In singletons, rates of stillbirth and neonatal mortality declined over time (RR stillbirths, 0.81 (95% CI 0.76 to 0.87); RR neonatal mortality, 0.76 (95% CI 0.70 to 0.82)). Death from congenital anomalies declined substantially for both stillbirths (RR 0.52; 95% CI 0.40 to 0.68) and neonatal mortality (RR 0.58; 95% CI 0.51 to 0.67). Mortality due to intrapartum hypoxia also fell, by nearly 50% for stillbirths and 30% for neonatal deaths. There was no reduction in stillbirths due to antepartum hypoxia in babies weighing > 2500 g, or in mortality attributed to infection. In multiples, the risk of death was higher (RR stillbirths, 4.13 (95% CI 3.68 to 4.64); RR neonatal death, 7.82 (95% CI 7.13 to 8.58)). Stillbirth rates declined significantly (RR 0.71; 95% CI 0.57 to 0.89) but neonatal mortality did not (RR 0.91; 95% CI 0.77 to 1.08). There was no reduction in neonatal mortality resulting from prematurity, or in mortality from congenital anomalies. Conclusions: There is considerable overlap in the causes of stillbirth and neonatal mortality. Future progress in reducing perinatal mortality requires better understanding of the aetiology of antepartum stillbirth, of the excess risks of prematurity facing multiple births, particularly in the light of their increasing incidence, and of strategies to prevent perinatal infection. P erinatal mortality has declined over time, but the rate of decline in many industrialised countries has slowed.
P erinatal mortality has declined over time, but the rate of decline in many industrialised countries has slowed. 1 Conventionally comprising stillbirths and early neonatal deaths, perinatal mortality has been used as an indicator of health and health care around the time of birth. The definition is now often extended to include all neonatal deaths. 2 The rationale for grouping these deaths is an assumption that they share similar determinants and strategies for prevention, although recently differences in the aetiologies of stillbirths and neonatal deaths have been highlighted. 3 Investigation of trends in the underlying causes of perinatal death is necessary to understand the scope for further reductions and to direct future clinical and research effort. This study examines trends in cause specific stillbirth and neonatal death rates over nearly two decades, using data from a population based register with consistent cause of death coding and autopsy in most cases.
METHODS

Data sources
Stillbirth and neonatal deaths in 1982-2000 were identified from the Northern Region Perinatal Mortality Survey (PMS). The PMS covers the population resident in the former Northern Region of England; there are currently around 30 000 births a year. Notification of cases is made from multiple sources, ensuring high ascertainment, as indicated by annual cross validation with stillbirth and death registrations. 4 5 Data for all registered births in the region during the study period were obtained from the Office for National Statistics. Data on cases and live births were merged into a single dataset.
Classification of cause of death
Cause of death is assigned by a multidisciplinary review team within the local maternity unit and reviewed centrally by the PMS clinical director to ensure consistency of coding. A clinicopathological classification 6 based on the Wigglesworth classification 7 is used to code fetal and neonatal factors leading to death. For the purposes of this study, cause of death categories were created by grouping related cause codes (table 1) .
Definitions
N Stillbirths were deaths occurring before birth, at 28 or more completed weeks of gestation.
N Antepartum stillbirths occurred before the onset of labour, and intrapartum stillbirths during labour; the fetus was assumed to be alive at the start of labour unless there was evidence otherwise.
N Neonatal deaths were those occurring within the first 28 days of life.
Analysis
Stillbirth rates were calculated per 10 000 total births (live and still), and neonatal death rates were calculated per 10 000 live births. Cause specific death rates were calculated by dividing the number of stillbirths or neonatal deaths in each cause of death category by the appropriate denominator (total or live births). Time trends were analysed by calculating rate ratios (RR), with 95% confidence intervals (CI), comparing rates in 1991-2000 with those for [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . The time periods were selected to result in approximately equal numbers of births in each. To explore whether trends differed in risk factor subgroups, singletons and multiples were analysed separately, and cause specific death rates in different birthweight and maternal age categories were calculated. The analysis was carried out using Stata 6.0.
RESULTS
There were 3500 stillbirths, 3315 neonatal deaths, and 680 045 neonatal survivors during 1982-2000. A total of 15 941 births (2.3%) resulted from multiple pregnancies, of which 576 were triplet or higher order multiple births. The overall stillbirth rate was 51.0 per 10 000 births, 86% (2994) of which were antepartum deaths. The overall neonatal death rate was 48.5 per 10 000 live births. Autopsy was undertaken in 65% of cases overall; the rate declined from 70% in 1982-1990 to 59% in 1991-2000. The autopsy rate was higher in stillbirths (74%) than in neonatal deaths (56%).
Most stillbirths were attributed to antepartum hypoxia (76%), with 11% attributed to intrapartum hypoxia, and 8% to congenital anomalies. The most common cause of neonatal death was prematurity (39%), with congenital anomalies accounting for 28% of deaths and intrapartum hypoxia 13%.
Singleton births: time trends (tables 2 and 3) All cause stillbirth and neonatal death rates declined by 20-25% between 1982-1990 and 1991-2000 (table 3) . Mortality from congenital anomalies declined by 40-50% overall. Death resulting from neural tube defects declined dramatically, whereas there was little evidence of reduction in mortality from cardiac anomalies. Death due to chromosome anomalies declined in neonates, but increased fourfold for stillbirths.
Stillbirths due to antepartum hypoxia declined by only 10% between the two time periods. Death from intrapartum hypoxia or trauma, however, declined substantially, particularly for stillbirths. The rate of stillbirth attributed to infection increased substantially, but this was based on small numbers. There was no reduction in neonatal mortality attributed to infection. Neonatal mortality attributed to prematurity decreased substantially over time.
Singleton births: cause of death by birth weight and maternal age (tables 4 and 5) The risk of stillbirth and neonatal death was strongly associated with birth weight; rates increased at lower birth weights, across all cause categories. The stillbirth rate in babies weighing 2500 g or more showed no significant reduction over time, largely reflecting a lack of change in mortality due to antepartum hypoxia. Neonatal mortality due to intrapartum hypoxia or trauma did not decline for birth weights of 2500 g or more, in contrast with the stillbirth rate. Neonatal mortality declined in all birthweight categories, and particularly in babies weighing 1500-2499 g. Antepartum and intrapartum stillbirth rates were calculated per 10 000 total births (live and still); neonatal death rates were calculated per 10 000 live births. Antepartum stillbirth was death of a fetus of 28 completed weeks of gestation or more before the onset of labour. Intrapartum stillbirth was death of a fetus of 28 completed weeks of gestation or more, after the onset of labour but before delivery. Neonatal death was death after live birth of a baby, before completion of 28 days of life.
The overall perinatal mortality was increased for mothers aged 35 or more and for mothers aged less than 20, compared with those aged 20-34 (RR for older mothers, 1.49 (95% CI 1.33 to 1.66) for stillbirths and 1.35 (95% CI 1.19 to 1.53) for neonatal deaths; RR for younger mothers, 1.27 (95% CI 1.14 to 1.41) for stillbirths and 1.40 (95% CI 1.26 to 1.56) for neonatal deaths).
The association of mortality with age varied by cause of death. Mortality due to intrapartum hypoxia or trauma was not significantly associated with maternal age. The risk of neonatal death due to prematurity was increased in mothers aged under 20 compared with those aged 20-34 (RR 1.91; 95% CI 1.61 to 2.25). Mothers aged 35 or more had an increase in risk in most cause of death categories, but particularly for stillbirths due to congenital anomalies (RR 1.85; 95% CI 1.26 to 2.71) and antepartum hypoxia (RR 1.46; 95% CI 1.29 to 1.67). The reduction in the overall stillbirth rate was similar across all age groups (table 5) . There was a particularly large decline in the risk of mortality due to congenital anomalies in mothers under 20, whereas in those aged 35 or more there was no significant decline. There was no significant reduction in overall neonatal mortality for mothers under 20, in contrast with older mothers.
Multiple births (tables 2 and 3)
Multiple births were at significantly higher risk of perinatal death, particularly in the neonatal period. The stillbirth rate was 196.3 per 10 000 births compared with 47.5 for singleton births (RR 4.13; 95% CI 3.68 to 4.64); neonatal death rates were 328.2 and 42.0 per 10 000 live births respectively (RR 16.11) , and these accounted for 39% of all deaths in multiple births. Deaths from miscellaneous causes, which includes conditions specific to multiple births such as twin-twin transfusion syndrome, were also much more common (RR 14.83; 95% CI 11.70 to 18.80). The smallest increases in risk were observed for congenital anomalies and antepartum hypoxia, with RRs for perinatal mortality of 3.44 (95% CI 2.78 to 4.25) and 3.43 (95% CI 2.98 to 3.96) respectively.
There was no significant reduction over time in neonatal mortality in multiple births, in contrast with singletons (table 3) . Further, there was no significant reduction in neonatal mortality due to prematurity. The proportion of low birthweight and very low birthweight babies in multiples increased between 1982-1990 and 1991-2000 (birth weights , 1500 g increased from 10% of multiple births to 11.3%; birth weights 1500-2499 g increased from 43.7% to 45.4%: data not shown). Birth weight specific neonatal death rates declined significantly for birth weights , 1500 g (RR 0.82; 95% CI 0.70 to 0.96) but not for higher birth weights (1500-2499 g: RR 0.65 (95% CI 0.39 to 1.10); > 2500 g: RR 0.75 (95% CI 0.36 to 1.58); data not shown).
DISCUSSION
Over the past two decades, there have been considerable variations in the extent of the decline in stillbirth and neonatal mortality for different causes of death. In singletons, mortality due to congenital anomalies and intrapartum hypoxia reduced substantially. Neonatal mortality due to prematurity, and stillbirths due to antepartum hypoxia also declined, but not in all subgroups. In multiples, the risk of death was increased, and there was no reduction in mortality due to prematurity or congenital anomalies. The proportion of neonatal deaths occurring in multiple births increased substantially.
Although there was overlap in the causes of stillbirths and neonatal deaths (notably congenital anomalies and intrapartum hypoxia), most stillbirths were attributed to antepartum hypoxia, and the largest cause of neonatal death was prematurity. The obstetric antecedents of these deaths may overlap to some extent; for example antepartum haemorrhage, pre-eclampsia and intrauterine growth restriction may all result in stillbirth or preterm delivery.
Methodological issues
This was a large population based study, using data from one of the most extensive and complete perinatal mortality registers in England. The autopsy rate of 65% is similar to that reported elsewhere in the United Kingdom, and, in common with other regions, autopsy rates have declined in recent years. 8 Autopsy may reduce the proportion of unexplained deaths, 9 10 and caution should be exercised in interpreting trends in cause specific mortality in the presence of a falling autopsy rate. Over the study period, however, the extent of diagnostic testing is likely to have increased; for example, the proportion of autopsies with histological examination has increased from around 40% to nearly 100%. 4 The clinicopathological classification describes fetal and neonatal factors directly leading to death, but does not identify obstetric factors. Most antepartum stillbirths are arbitrarily attributed to antepartum hypoxia. This is a heterogeneous group, including stillbirths associated with recognised obstetric complications, growth restricted fetuses, and genuinely unexplained deaths. Analysis of the obstetric factors contributing to fetal death in this population is described elsewhere.
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The study was confined to the examination of mortality within population subgroups for which data were available from national birth statistics. Information on factors such as gestational age, parity, and maternal smoking, which have changed over the study period, remains unavailable nationally. Important changes in obstetric and neonatal practice have also taken place, such as increased screening for congenital anomalies and improvements in neonatal intensive care, but data on the extent and timing of these changes within our population is lacking.
Prematurity Deaths attributed to prematurity accounted for 16% of perinatal deaths in singletons and 39% in multiples. These deaths declined significantly in singletons but not in multiples. The proportion of multiples born at low birth weight has increased, which may partly account for this observation; however, only very low birth weights showed an improvement Reducing the risk of death due to prematurity in multiple pregnancies remains a significant challenge, particularly in view of the rising incidence of multiple births. 13 Preterm delivery is reported to be increasing, 14 15 most likely reflecting increased induction and caesarean section rates. 16 Although dramatic improvements in survival rates for very preterm infants have been reported over recent years, 17 the risk of neonatal mortality is still strongly associated with low birth weight, 18 and even small increases in the proportion of babies born at low birth weights have a substantial impact on population neonatal mortality (S Glinianiaia, unpublished work).
Antepartum hypoxia
In singletons, stillbirths attributed to antepartum hypoxia showed only a small reduction, confined to birth weights , 2500 g. Many stillbirths remain unexplained despite autopsy, and there has been limited progress in identifying risk factors. 19 20 A significant proportion are reported to be small for gestational age, 21 suggesting that better identification of intrauterine growth restriction may have a role in prevention. As unexplained stillbirths account for a substantial and increasing proportion of perinatal deaths, progress in understanding their aetiology is a priority.
Multiple births were at increased risk of stillbirth due to antepartum hypoxia, but the rate decreased significantly over time. This may be a consequence of more intensive monitoring of multiple pregnancies, 10 although stillbirths averted by elective delivery may simply be deaths deferred. 12 Intrapartum hypoxia or trauma Mortality due to intrapartum hypoxia or trauma declined substantially, during a period when intrapartum management has changed substantially and caesarean section rates have risen. 16 Although the observed trends are encouraging, caution should be exercised in attributing improvements to specific changes in obstetric practice, and further investigation is needed. Further, the reduction has been greater at low birth weights, whereas neonatal mortality at birth weights 2500 g or more, the category in which the largest number of deaths occur, has remained largely unchanged. This suggests that there may be further potential to reduce intrapartum related deaths.
Congenital anomalies
In singletons, deaths due to congenital anomalies declined by nearly half. This may result from increased prenatal diagnosis and termination of pregnancy, 22 from a reduction in underlying incidence, or from improved survival. Deaths due to neural tube defects showed a dramatic decline, attributable to both increased screening and a reduction in incidence. 23 24 Neonatal mortality due to chromosome anomalies declined in singletons, but stillbirths increased, perhaps as a result of increased cytogenetic testing. Other authors report no decline in mortality from chromosomal anomalies, 25 attributed to increased incidence resulting from rising maternal age. 26 27 The lack of significant decline in neonatal mortality due to cardiac anomalies in our population is surprising, in view of reported improvements in treatment and survival. 28 Multiple pregnancies have a higher prevalence of congenital anomalies than singletons, leading to a higher risk of perinatal death. 29 There was no significant decline in mortality due to congenital anomalies in multiples. This may reflect differences in the sensitivity or uptake of prenatal screening tests and reluctance to opt for selective termination with risks to the healthy twin. 30 
Infection
In singletons, stillbirths attributed to infection increased significantly, but there were fewer deaths. Neonatal mortality showed no reduction. Awareness of the importance of infection, and in particular group B streptococcal infection, as a cause of perinatal mortality has increased in recent years. 31 32 It is likely that ascertainment has increased over the study period, and the underlying trend is hard to determine. However, infection remains an important and potentially preventable cause of stillbirth and neonatal death.
CONCLUSIONS
Although some immediate causes of stillbirth and neonatal death differ, there is nevertheless considerable overlap in their determinants. We consider that it remains useful to examine all perinatal deaths together, with rates of stillbirth and neonatal mortality reported separately. In addition, analysis by cause of death is necessary to target future research and clinical effort.
Over the past two decades, stillbirths and neonatal deaths have decreased substantially. Progress has been uneven, however, with considerable variation in the rate of reduction for different causes of death and for some subgroups of births, suggesting scope for further improvement. There has been substantial change in obstetric and neonatal practice and in population risk factors such as maternal age, which have contributed to observed cause specific mortality trends. Further investigation of the aetiology of antepartum stillbirth, the impact of increased elective delivery, and the excess risks facing multiple births is needed to realise the potential for further reductions in perinatal death.
What is already known N Perinatal mortality (stillbirths and neonatal mortality) has declined over the past century N In recent years, the rate of decline has slowed N The risk of perinatal mortality is increased for multiple births, low birth weight babies, younger and older mothers What this study adds 
